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Abstract 
The aim of this paper is to explore how virtual worlds could support the engagement for learning. This paper reviews the results 
of studies that utilized virtual worlds to engage learners. The results are examined in two levels, namely learning gains and 
design principles. It has been found out that deeper learner engagement results in higher learning gains. In some studies better 
content retention is also noted. Many studies also suggest design principles for using virtual worlds for facilitating engaged 
learning. This paper builds a framework for the design and use of virtual worlds in education for better learner engagement. 
© 2010 Elsevier Ltd. 
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Introduction  
Virtual worlds are growing in popularity very quickly as is depicted in Kzero’s survey in the 2nd quarter of 2009 
(Kzero, 2009). As much as 39 percent growth in the registered accounts of virtual worlds was reported in the 2nd 
quarter of 2009 (Keegan, 2009). According to Keegan (2009) most of the growth occurred in the registered accounts 
of virtual worlds that are generally populated by children, such as in Poptropica (growth of 36 million), Habbo (11 
million), Stardoll (8 million) and Club Penguin (6 million).  
This growing popularity of virtual worlds and multi-user virtual environments (MUVEs) has drawn attention from 
educationists as well, however, most of the research on the use of virtual worlds in education has so far been 
reported either in informal publications, including online blogs and websites, or is carried out in non-academic 
settings (de Freitas, 2008). 
Virtual worlds can have many benefits or affordances for learners. Affordances of a technology are defined as 
intrinsic features of that technology (Gibson, 1986). These features or properties of the technology should efficiently 
support the actions that the users intend to take through them (Nardi & O’Day, 1999). In this paper we analyze the 
affordances of virtual worlds for the support of learning and teaching. The paper reviews the results of studies that 
have utilized virtual worlds for education. The results are examined in two levels, namely learning gains and design 
principles. 
A research review is presented in this paper, which focuses on engaged learning through virtual worlds. In our 
traditional educational practices it is important that the learning gains of a technology or learning environment 
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should be reflected statistically as well. A research review is presented which provides evidence that learning gains 
through virtual worlds also improves test scores. Design strategies to facilitate engaged learning through virtual 
worlds is also presented in this paper. Then a framework for using virtual worlds for engaged learning is described 
for the benefit of education facilitators.  
1. Educational use of virtual worlds 
The earlier research related to the educational use of virtual worlds or 3D technologies has focused on facilitating 
learning of different subjects, designing authentic learning environments and improving students’ behavior.   
There has already been wide interest in using virtual worlds or 3D technologies in education to facilitate learning 
of different subjects. Several researchers have reported improved learning gains related to the use of virtual worlds 
in science classrooms. The environments which have been most widely used in the research on pedagogical 
importance of MUVEs are River City and Quest Atlantis. They both are implemented in the ActiveWorlds platform. 
Both these virtual worlds involve a narrative and learners learn by playing a game to investigate different problems 
scientifically. River City deals with the health science issues that are rising in a virtual world called ‘River City’. 
Quest Atlantis deals mostly with ecological issues, characteristics of different habitats and causes of problems.  
Barab’s research group has extensively studied the use of Quest Atlantis in science learning. The studies have 
indicated higher learning gains in standardized tests and also better gains than comparison groups. Barab et al. 
(2007c) report higher learning gains on a standardized post-test than in the pre-test in a 4th grade elementary science 
study with Quest Atlantis. Similarly, students at four different schools showed significant gains in the post-tests than 
pre-test (Barab et al., 2008) Yet another study reveals better results on standard item tests for Quest Atlantis group 
than direct instruction group (Barab et al., 2007b). Undergraduate students scored better on achievement tests when 
they learned through Quest Atlantis as compared to a group that learned through expository text (Barab et al. 2009). 
The use of Quest Atlantis has resulted also in significant gains in essay related questions on ecology science class 
(Barab et al., 2007a). 
Hickey et al. (2009) report a comparative study, which was carried out with grade 6 students in science learning. 
Students were divided in four classes with two classes using Quest Atlantis-based curriculum while the other two 
classes were taught through traditional methods. Higher gains in understanding and achievement in test were 
achieved in the class that used Quest Atlantis-based curriculum (Hickey et al., 2009). Also, Arici (2008) has 
reported that the learning gain by Quest Atlantis group was higher than the traditional instruction group as was 
shown in post-tests. A delayed post-test in the same study also revealed better content retention in Quest Atlantis 
group as compared to the traditional instruction group (Arici, 2008).  
However, the research on the use of River City in educational practices has indicated also some mixed results. 
Ketelhut et al. (2005) reported a significant increase of 32%-35% in the knowledge of biology among students who 
used River City as compared to a gain of 17% in the biological knowledge of those students with traditional 
methods. However, this improvement was only evident when children learned through a mix of guided inquiry and 
teacher led in-class interpretive sessions (Ketelhut et al., 2006a). The other two implementations, one with expert 
agents embedded in River City and the other based on community of practice, showed no significant gains (Ketelhut 
et al., 2006a). A significant gain of 16% was also achieved in post-tests in biology when students were learning 
through guided inquiry and in-class interpretation (Ketelhut et al., 2007).  A significant gain on post-tests as 
compared to pre-tests was also encouraging for lower ability students (Dede et al., 2004). No conclusive results were 
achieved in a museum-based study of River City (Dede & Ketelhut, 2003). Gender differences has also been noted 
with girls performing better than boys in River City based curriculum whereas the boys performed better in the 
controlled curriculum (Ketelhut et al., 2006b). However, the overall difference in test scores between River City 
class and traditional class was very small (Ketelhut et al., 2006b). 
In addition to science learning, the pedagogical possibilities of virtual worlds have been realised in language 
learning. It is suggested that virtual worlds and MOOs (multi-user dungeon, object oriented) can provide culturally 
and socially authentic settings for learning of different languages (Schwienhorst, 2002) (Schneider & von der Emde, 
2000). Warren and Dondlinger (2008) report better standardized scores in writing tasks on a study conducted to see 
the effect of MUVEs on literacy education. They also found that teachers had to spend less time in answering 
directional questions using Quest Atlantis and students completed more voluntary writing tasks than comparison 
group.   
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There have been several interesting efforts on the design of virtual laboratories for educational purposes. In some 
of these 3D standalone applications have been rebuilt in virtual worlds. Again, most of these are related to science 
learning, for example 3D virtual experimental labs for chemistry (Dalgarno, 2002; Martinez-Jimenez et al., 2003), 
virtual molecular biology lab for learning of life sciences (Zumbach et al., 2006), virtual dinosaur museum (Tarng 
and Liou, 2007), ‘WebTOP’ to learn about optics (Mzoughi et al., (2007), as well as astronomical science 
environments (Barnett et al. 2005; Bakas, & Mikropoulos, 2003). AquaMOOSE 3D (Elliott, 2005) is an example 
that shows how web-based 3D technologies can be used to understand mathematical concepts. However, the gains 
on tests were not statistically important (Elliott, 2005) but the study can have a different effect in a virtual world. 
In addition to more subject-specific factors, virtual worlds have proven to have features that afford quality 
learning in more general level. Among these, one of the most significant is the positive effect the use of virtual 
worlds has on learning motivation and behavior during class hours. Nelson et al. (2005) reported improved 
attendance and fall in disruptive behavior in some classes that utilized River City. Dodge et al. (2008) reports that 
students used Quest Atlantis for many hours voluntarily and engaged in voluntary quests as well. Similar increase in 
voluntary activity is realised also in Warren and Dondlinger’s (2008) study; elementary school students were 
engaged in voluntary writing in a literacy class. It is important to notice that such voluntary activity related to the 
use of MUVEs does not necessitate extrinsic rewards. Arici (2008) found out that 75% of the students choose to do 
optional activities for no credit as compared to only 4% who opted to do extra activities for extra credit in a 
traditional teaching.  
Earlier research has also located problems that hinder teachers in active use of virtual worlds. Falk and Drayton 
(2004) emphasize that the perceived importance of inquiry-based learning is undermined when teachers have to 
prepare their students for content that is included in high stakes testing. This forces them in to focus teaching and 
learning on test-preparation.  
Thus it is evident, as is mentioned above, that learning through virtual worlds not only results in engagement but 
also result in learning gains and these learning gains do transfer to standardized tests as well. Results also depend 
upon the kind of teaching methodology that is used to facilitate learning through virtual world. We discuss design 
strategies and build a framework for facilitating engaged learning through virtual worlds in the following sections. 
2. Engaged learning 
Engaged learning is generally defined to a situation in which learners are active in their learning and student 
activities involve active cognitive processes (Kearsley & Shneiderman, 1998) and student makes psychological 
investments in the learning activities (Newmann et al., 1992). Kearsley & Shneiderman (1998) suggested an 
Engagement Theory which is based on three components: ‘relate’, ‘create’ and ‘donate’. ‘Relate’ component focuses 
on the collaborative nature of learning. Project-based activities are represented by the ‘create’ component and 
‘donate’ component emphasizes on the importance of making useful contributions to the society and community 
while learning. This theory is partly based on Shneiderman’s (1993) definition of engagement according to which 
learning happens while interacting with people inside the learning community or with those who are outside of it.     
Jones et al. (1994) provided a broad framework for engaged learning which consisted of 26 indicators in 8 
categories, which were: (1) vision of engaged learning is that the learners are responsible for learning, strategic, 
energized by learning and collaborate with each other; (2) tasks for engaged learning should be authentic, 
challenging and integrative/interdisciplinary; (3) assessment of engaged learning shall be performance based, 
generative, seamless and ongoing with the curriculum and shall be based on equitable standards; (4) instructional 
models and strategies for engaged learning shall be interactive and generative in design; (5) learning context for 
engaged learning  shall foster collaboration, knowledge building and shall be emphatic so that diversified knowledge 
is valued; (6) grouping for engaged learning shall be heterogeneous; (7) teacher roles for engaged learning shall be 
that of a facilitator, guide and co-learner; and (8) student roles for engaged learning shall be that of explorer, 
cognitive apprentice, teacher and producer of knowledge. This framework provides a comprehensive basis for 
engaged learning by indicating factors that can help a teacher to design (and redesign), develop, implement and 
assess a learning process that focuses on the engagement of students. ‘Vision of engaged learning’ indicator helps in 
defining engaged learning while other indicators propose ways in which engaged learning can be facilitated. Yoon 
and Ling (2003) used the indicators of Jones et al. (1994) and used them to study student engagement in students 
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using information technology while learning. They found that there is a difference in being physically engaged and 
cognitively engaged. 
Willms et al. (2009) defined a framework of student engagement in schools at three levels: social engagement, 
academic engagement and intellectual engagement. Social engagement is the sense of belonging of students in the 
school life. Academic engagement is about student’s engagement in the academic activities of a school. While, 
intellectual engagement is to cognitively engage in learning “to increase understanding, solve complex problems, or 
construct new knowledge” (Willms et al., 2009, page 7). A survey was conducted to measure student engagement at 
the Canadian schools at the three levels, social, academic and intellectual, which used participation and sense of 
belonging (social engagement); attendance (academic achievement); and student ratings for enjoyment, interest and 
motivation for language arts and mathematics (intellectual engagement) (Willms et al., 2009). 
Hudly et al. (2003) defined engagement through a combination of ‘behavioral’ and ‘affective’ engagement. 
Behavioral engagement is represented by the actions of students to keep engaged in learning and is reflected by low 
rates of disciplinary problems and absenteeism and high rates of task completion. On the other hand, affective 
engagement represents the attitude of students about learning process and is similar to intrinsic motivation in a 
student (Hudley et al., 2003). 
Ott & Tavella (2009) used performance of students while playing a game and attitude, feelings and behavior about 
the game and the playing process to measure the factors of student’s engagement at computer-based learning tasks. 
They found that it heavily depends on content and activities that a student has to solve and if the students have skills 
to solve them or not.  
It has been suggested that a virtual world shall include three elements, namely: education; entertainment; and 
social commitments, to make sure that learning through virtual world is meaningful, engaging and understandable 
(Barab et al., 2005b). Based on this a ‘learning engagement theory’ was proposed that suggests that any engaged 
learning in the context of school consists on the element of learning, playing and help (Barab et al., 2005b). 
Learning in this theory is based on three perspectives: experiential learning; inquiry-based learning; and portfolio 
assessment (Barab et al., 2005b). The playing element has been well researched in the digital gaming industry which 
uses a participatory context that contains the elements of challenge, curiosity, play and control (Cordova & Lepper, 
1996). The help element suggests that the educational environments shall carry a social agenda of helping others in 
the community. 
Based on the literature mentioned above a definition of engaged learning can be created. This definition of 
engaged learning has 5 aspects: (1) learner activeness aspect; (2) cognitive aspect; (3) socio-collaborative aspect; (4) 
behavioral aspect; and (5) emotional aspect. Jones et al. (1994) and (Kearsley & Shneiderman, 1998) are referring to 
similar aspects, learner activeness aspect, when they mention that learners are active and are responsible and 
energized by their learning. Cognitive aspect includes active cognitive processes (Kearsley & Shneiderman, 1998), 
psychological investments (Newmann et al., 1992), and intellectual engagement (Willms et al., 2009) and is fostered 
with inquiry-based learning (Barab et al., 2005a) and with cognitive apprentice (Jones et al., 1994). Socio-
collaborative aspect emphasizes that learning takes place in collaboration with peer learners (Kearsley & 
Shneiderman, 1998) (Jones et al., 1994) and by interacting with the society (Shneiderman, 1993) (Willms et al., 
2009) and should result in helping the society (Barab et al., 2005a)  (Kearsley & Shneiderman, 1998). High 
attendance, less disciplinary problems and high rate of task-completion (Hudley et al. 2003) is represented by the 
behavioral aspect. Engaged learners are motivated and have positive attitude towards their learning process which is 
represented by emotional aspect.  
In the following section, we discuss different design strategies for engaged learning based on literature presented 
in this and previous section. 
3. Design strategies for engaged learning 
Virtual worlds present very unique opportunity for learning and can be used for learning by doing. (Kearsley & 
Shneiderman, 1998) suggest that engaged learning takes place in project-based activities. In virtual worlds it is 
possible to carry out project-based activities in an immersive environment. It has been suggested that engaged 
learning shall be experiential in nature (Barab et al., 2005a) and learners shall embrace the role of explorer (Jones et 
al., 1994). Interaction with and through avatars in a graphical, immersive, and embodied context provides interesting 
possibilities for experiential learning and for exploration in a relatively safe environment. 
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Inquiry-based learning has also been proposed to engage learners and virtual worlds can be used for it (Barab et 
al., 2005a, 2007) (Clark et al., 2007) (Ketelhut, 2007) (Ketelhut et al. 2005, 2006a, 2006b) (Nelson et al., 2005) 
(Sadler et al., 2007). Barab et al. (2007) and Sadler et al. (2006) propose socio-scientific inquiry-based learning. For 
example, Quest Atlantis is designed for socio-scientific inquiry-based learning (Barab et al., 2007) and it is possible 
in River City as well. In them, a learner tries to learn while inquiring about a problem or, in other words, while 
solving a quest using scientific investigation methods and through social collaboration with peer learners. The 
complexity of the inquiry increases as the learner progresses and thus requires more cognitive involvement and 
social collaboration to solve the quests. The entire curriculum in Quest Atlantis and River City is arranged around 
quests and each quest focuses on a specific subject. 
Virtual worlds are essentially social in nature and enable collaboration between learning community through 
many ways. Firstly, interaction between learners in virtual worlds is through avatars in a graphical context (2D or 
3D) which can help them in considering each other as part of a community. Secondly, traditional methods of 
communication, for example chat, emails and audio conversations, are embedded in virtual worlds. Thirdly, users 
can also interact with each other through the interaction of avatars with the artifacts in a virtual world. 
Engaged learning can be facilitated through activities that are authentic, challenging and interdisciplinary (Jones 
et al., 1994). Virtual worlds can provide innovative ways to create authentic and challenging tasks that are 
contextual as well. However, the activities shall be according to the skills of learners otherwise they will become 
disengaged (Ott & Tavella, 2009). Learners will also require tools to carry out these activities. In virtual worlds, 
many innovative tools can be designed based on the requirements of the activities. For example, River City contains 
a ‘virtual telescope’ for learners to test the quality of the water in the River City virtual world (Ketelhut et al., 
2006b). Other similar virtual tools are also available in River City for blood, fecal and lice tests. 
Quest Atlantis and River City have many game-like features. Thus, principles of designing a virtual world based 
on games are proposed as well. For example, Squire and Jan (2007) propose that a learning environment shall allow 
learners to inhabit roles to help them create projective identities (Gee 2003, page 55) and shall also provide 
achievable challenges (Squire & Jan, 2007). The goals shall be tied to places or contested space and authentic tools 
and resources shall be embedded within the context of the learning environment (Squire & Jan, 2007). Lastly, 
learning shall occur through collaboration and competition depicting the social nature of game-play (Squire  & Jan, 
2007). 
Barab et al. (2008) suggest that while developing a conceptual play space four elements have to be balanced, 
namely: academic content; game rules; legitimate participation; and framing narratives. Activities in a virtual world 
shall be based upon authentic content that shall be based on curricula that is needed to be followed in a class. 
Learners can be engaged and entertained by using game rules as are mentioned above. The learners should have all 
the necessary tools to make sure that they can participate effectively within the social contexts of the environment. 
Framing narrative is an overall story that binds the whole context in the learning environment so that all the 
separated activities can be perceived as belonging to the same over reaching goal Barab et al. (2008). 
Taking part in the designing of a technology project provides children with unique opportunities for learning 
(Tuula, 2008). Thus, it is suggested that children shall be involved in the design process of the educational virtual 
world. In addition to them, other end users such as teachers and facilitators shall be part of the design process as 
well so that the designed virtual world can address the needs of all of them. 
It can be summarized from above literature review that in order to design virtual worlds for engaged learning the 
virtual world shall be: based on experiential, inquiry-based and project-based learning; shall have features to 
facilitate socio-collaborative interaction; shall have activities that are authentic and challenging and has tools to 
carry out those activities; and shall have game-based rules to make learning fun. 
4. Guidelines for engaged learning 
Teaching through virtual worlds is engaging and does results in learning games, as is mentioned previously, but 
there is a need to carefully understand the changes that might occur as compared to traditional school based 
learning. The teachers have to plan their courses accordingly so that learners can engage in virtual world without 
much hassle for the facilitators and fellow teachers.  Following issues may serve as a guideline for teachers in 
implementing a course to engage their students through virtual worlds. 
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Facilitating learning through virtual worlds in a class involves consideration of many issues. Barab et al. (2009) 
suggests that teachers should take part in the game itself to guide and drive student’s learning. This means that 
teachers have to see themselves as potential partners in the virtual world and need to embrace a change in their role. 
Jones et al. (1994) also proposes that a teacher shall be co-learner while facilitating and guiding the students. It has 
to be noted that Ketelhut et al. (2006a) found that better results were obtained when learners took part in guided 
inquiry and teacher-led in-class interpretive sessions. 
Jones et al. (1994) suggests that for engaged learning students have to embrace the role of an explorer which 
practices cognitive apprenticeship and is teacher and producer of knowledge at the same time. 
Teaching contents needs to be tailored according to virtual worlds as well. Barab et al. (2009) suggest engaging 
through the content in three ways: procedural, conceptual and consequential. Procedural content helps the students 
in understanding the procedures needed to complete a certain task. Students will need to fit the learned knowledge 
into the big conceptual picture. Thirdly, students need to understand the consequences of the concepts so that they 
can influence different situations.  
Virtual worlds provide many new ways to evaluate and assess the progress of a student. Jones et al. (1994) and 
Ott & Tavella (2009) suggest performance-based assessment for engaged learning. In performance-based 
assessment students are given a task and then observing, interviewing or examining their artifacts and presentations. 
This form of assessment can be done effectively in virtual worlds. However, Barab et al (2005a) suggests portfolio-
based assessment. However, traditional forms of assessment shall also be carried out to verify the assessment 
results. 
5. Conclusion 
Engaged learning can be defined as cognitive, socio-collaborative, behavioral and causes positive attitude in 
learners. Learning through virtual worlds can be engaging for learners and can affect their test scores as well as their 
attitude and motivation towards it. However, in order to have the most out of learning in virtual worlds, they can be 
designed according to design guidelines based on previous research which suggests that virtual worlds shall foster 
inquiry-based, experiential, socio-collaborative features that engage learners in authentic and challenging tasks and 
shall have game-based rules for entertainment. 
Teachers need to follow some guidelines for engaged learning that suggests change in their traditional role. They 
shall guide learners in exploring, teaching and producing knowledge. Teachers also need to choose ways of 
assessment that is suitable for virtual worlds. 
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